The Co-chaperone BAG2 Mediates Cold-Induced Accumulation of Phosphorylated Tau in SH-SY5Y Cells.
Inclusions of phosphorylated tau (p-tau) are a hallmark of many neurodegenerative disorders classified as "tauopathy," of which Alzheimer's disease is the most prevalent form. Dysregulation of tau phosphorylation disrupts neuron structure and function, and hyperphosphorylated tau aggregates to form neurotoxic inclusions. The abundance of ubiquitin in tau inclusions suggests a defect in ubiquitin-mediated tau protein degradation by the proteasome. Under the temperature of 37 °C, the co-chaperone BAG2 protein targets phosphorylated tau for degradation via by a more-efficient, ubiquitin-independent pathway. In both in vivo and in vitro studies, cold exposure induces the accumulation of phosphorylated tau protein. The SH-SY5Y cell line differentiates into neuron-like cells on treatment with retinoic acid and is an established model for research on the effects of cold on tau phosphorylation. The aim of the present study was to investigate whether BAG2 mediates the cold-induced accumulation of phosphorylated tau protein. Our findings show that cold exposure causes a decrease in BAG2 expression in undifferentiated cells. Conversely, BAG2 expression is increased in differentiated cells exposed to cold. Further, undifferentiated cells exposed to cold had an increased proportion of p-tau to total tau, suggesting an accumulation of p-tau that is consistent with decreased levels of BAG2. Overexpression of BAG2 in cold-exposed undifferentiated cells restored levels of p-tau to those of 37 °C undifferentiated control. Interestingly, although BAG2 expression increased in differentiated cells, this increase was not accompanied by a decrease in the proportion of p-tau to total tau. Further, overexpression of BAG2 in cold exposed differentiated cells showed no significant difference in p-tau levels compared to 37 °C controls. Taken together, these data show that expression of BAG2 is differently regulated in a differentiation-dependent context. Our results suggest that repression of BAG2 expression or BAG2 activity by cold-sensitive pathways, as modeled in undifferentiated and differentiated cells, respectively, may be a causal factor in the accumulation of cytotoxic hyperphosphorylated tau protein via restriction of BAG2-mediated clearance of cellular p-tau.